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© Solid oxide electrolyte fuel cell. 



© A solid oxide electrolyte fuel cell comprises a 
power generation film consisting of a solid oxide 
electrolyte film dimpled on almost whole area on 
both sides thereof, an oxygen electrode formed on 

CM 

one side thereof, and a fuel electrode formed on the 
^ other side of thereof, and comprises a pair of inter- 
im) connectors located on both sides of the power gen- 
00 eration film. Furthermore, this invention adopts a 
^ seal structure for sealing each side of the power 
^| generation film and each of the corresponding inter- 
5 connector to achieve the above-described object. 

The peripheral area on the power generation film to 
O form a seal face with the interconnector is formed to 
^ have an almost the same plane with that of the 
LU dimpled pattern formed on the power generation 

film, and the provided seal section has almost the 

same thermal expansion coefficient with the solid 



oxide electrolyte film which forms the power genera- 
tion film. 
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BACKGROUND OF THE INVENTION 

1 .Industrial Field of the Invention 

This invention relates to a solid oxide elec- 
trolyte fuel cell (hereinafter referred to simply as 
"SOFC"), and more particularly to an SOFC which 
is applicable to an electrolytic cell in water elec- 
trolysis and CO2 electrolysis, as well as to power 
generation. 

2.Description of the Related Art 

A typical example of a conventional plate type 
SOFC is shown in Figs. 3 and 4. Fig. 3 shows a 
perspective view of disassembly of the conven- 
tional plate type SOFC, and Fig. 4 shows a per- 
spective view of the assembly thereof. In the fig- 
ures, the reference numeral 1 denotes a power 
generation film consisting of a solid oxide elec- 
trolyte film 2, an oxygen electrode 3, which is 
provided on the upper surface of the solid oxide 
electrolyte film 2, and a fuel electrode (not shown), 
which is provided on the under surface of the solid 
oxide electrolyte film 2. 

An interconnector 6 is provided on the upper 
surface of the power generation film 1 through a 
corrugated air electrode side support 4 and pac- 
kings 5,5, divided into two pieces to hold the air 
electrode side support 4 from both sides. When 
laminated, the air electrode side support 4 is held 
between the packings 5,5. 

Further, the reference numeral 7 denotes an air 
inlet provided at the side gap of the packings 5,5. 
An air outlet (not shown) is provided at the other 
side gap of the packings 5,5, opposed to the air 
inlet 7. 

Furthermore, on the under surface of the power 
generation film 1, there is provided an interconnec- 
tor 10 through a fuel electrode side support 8 
having a corrugated shape in perpendicular direc- 
tion against the air electrode side support 4, and 
packings 9,9, divided into two pieces to hold the 
fuel electrode side support 8 from both sides. Ac- 
cordingly, when laminated, the fuel electrode side 
support 8 is held between the packings 9,9. The 
reference numerals 11 and 12 denote a fuel inlet 
and a fuel outlet, respectively, provided at the both 
side gaps between the packings 9,9. 

The flow of fuel is a perpendicular direction to 
that of air, that is, the fuel is introduced from the 
inlet 1 1 and flows into the fuel outlet 12 through the 
both surfaces of the fuel electrode side support 8, 
and air is introduced from the air inlet 7 and flows 
into the air outlet(not shown) through the both sur- 
faces of the air electrode side support 4. 

Thus formed cell is generally laminated to sev- 
eral layers to increase an output. That is, to in- 
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crease the output, air electrode side components 
such as packings 5,5 and an air electrode side 
support 4 are mounted on the under surface of the 
interconnector 10, and an oxygen electrode 3 of a 

5 power generation film 1 is provided under the air 
electrode side components, furthermore fuel elec- 
trode side components such as packings 9,9 and a 
fuel electrode side support 8 are mounted on the 
upper surface of interconnector 6, and a fuel elec- 

w trode of power generation film 1 is provided above 
the fuel electrode side components. In this manner, 
the lamination succeeds to increase the output. 

As described above, a conventional SOFC 
needs to be provided with supports 4, 8, and 

J5 packings 5,5 and 9,9 at air electrode side and fuel 
electrode side, respectively, other than the power 
generation film 1 and interconnectors 6, 10. The 
configuration increases the number of components, 
which increases the work steps to fabricate compo- 

20 nents and which takes a time for assembling a cell. 
To solve the problems, an invention which elimi- 
nated the supports 4, 8, was disclosed in Japanese 
Patent Application Hei 5-6048 of "Solid Oxide Elec- 
trolyte Fuel Cell", filed by the applicant of the 

25 present invention. The above invention is character- 
ized by an electrical joint of a power generation 
film having a dimpled pattern with an interconnec- 
tor. 

The disclosed invention has, however, the fol- 
30 lowing problems. 

(1) Packings which hold a power generation film 
having a dimpled pattern are necessary to be 
disposed between interconnectors as illustrated 
in Figs. 3 and 4. If the packings are made from 

35 a rigid material, extremely an accuracy in the 
height of the individual dimples on the power 
generation film is required. However, such an 
accuracy is extremely difficult to obtain in the 
present processing technology for the power 

40 generation film. If the packings are fabricated by 
a soft material, various problems arise caused 
by the gas permeability of the packings itself. 

(2) Further, in the type shown in Figs. 3 and 4, 
which introduces and discharges air and fuel 

45 from both sides of the cell, the air inlet 7 and 
outlet are necessary to be newly added, com- 
pared with the type illustrated in Fig. 5 where 
the air is introduced and discharged from top 
and bottom of the cell. In addition, a solid oxide 

so electrolyte film is required to reduce its thick- 
ness to increase the ion conductivity. A thin 
structure may induce a problem of strength at 
the openings of air inlet and outlet. As a result, 
the openings are necessary to be reinforced 

55 using a support such as round tube. The coun- 
termeasures increases the number of compo- 
nents and increases time for fabricating and 
assembling them. 
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(3) Conventional configuration requires the pow- 
er generation film to have a flat shape at the 
region sandwiched by packings even though the 
power generation film is dimpled as a whole. 
The requirement makes the fabrication of power 
generation film further difficult because the pow- 
er generation film contracts to approximately 
70% during firing process compared with that 
before firing to have a specified cell. 

(Object of the Invention) 

The object of the invention is to solve the 
problems described above and to provide a solid 
oxide electrolyte fuel cell which does not need 
special packing and which simplifies the manufac- 
turing method on the manufacturing process there- 
of. Moreover, even when air and fuel are intro- 
duced and discharged from the sides of the cell, 
the openings as the inlet and outlet do not need 
special support. 

SUMMARY OF THE INVENTION 

A solid oxide electrolyte fuel cell comprises a 
power generation film consisting of a solid oxide 
electrolyte film dimpled on almost whole area on 
both sides thereof, an oxygen electrode formed on 
one side thereof, and a fuel electrode formed on 
the other side thereof, and comprises a pair of 
interconnectors provided on both sides of the pow- 
er generation film. Furthermore, this invention 
adopts a seal structure for sealing each side of the 
power generation film and each of the correspond- 
ing interconnector to achieve the above-described 
object. 

The peripheral area on the power generation 
film to form a seal face with the interconnector is 
formed to have an almost the same plane with that 
of the dimpled pattern formed on the power gen- 
eration film, and the provided seal section has 
almost the same thermal expansion coefficient with 
the solid oxide electrolyte film which forms the 
power generation film. 

According to the invention, the solid oxide elec- 
trolyte film is processed to have a dimpled pattern 
on almost whole surface area thereof, and is cal- 
cined. After calcination, considering the thermal 
expansion coefficient, a slurry of a material same 
as the solid oxide electrolyte film or of a mixture 
with the material of interconnector, or of a material 
similar to them is filled in the concave zone for 
forming a gas tight zone, and is fired to form a seal 
section. The joint with interconnector is performed 
by either one of the following major two methods. 
(1) Jointing with an adhesive (normally a glass 
adhesive is used). (2) Diffusion jointing which is 
conducted by pressing and heating the seal 



BNSDOCID: <EP 0642185A2_I_> 



section during complete firing stage. 
With the above means, an SOFC having a 
simplified cell structure and improved reliability is 
obtained. 

5 Since this invention uses a solvent and a cur- 

ing agent as well as YS2 fine particles during the 
preparation process of the solid oxide electrolyte 
film used in an SOFC, the green shape contracts at 
an approximate degree of 30% during the com- 

io plete firing stage. 

This invention provides an SOFC which does 
not need special packing and which simplifies the 
manufacturing method for manufacturing process 
thereof, and even when air and fuel are introduced 

is to and discharged from the sides of the cell, the 
openings for the inlet and outlet of air and fuel do 
not need special support. 

BRIEF DESCRIPTION OF THE DRAWINGS 

20 

Fig. 1 is an explanatory drawing of SOFC of an 
example of this invention. Fig. 1 (A) is a perspective 
view of a disassembled SOFC. Fig. 1(B) is a cross- 
sectional view of the power generation film of Fig. 
25 1(A) along X-X line. 

Fig. 2 is an assembled drawing of SOFC of 
Fig. 1. Fig. 2(A) is a cross-sectional view of the 
SOFC after laminated. Fig. 2(B) is the view X of 
Fig. 2(A). Fig. 2(D) is the view Y of Fig. 2(A). Fig. 2- 
30 (C) is the view 2 of Fig. 2(B). 

Fig. 3 is a perspective view of a disassembled 
SOFC of prior art. 

Fig. 4 is a perspective view of assembled 
SOFC of Fig. 3. 
35 Fig. 5 is a perspective view of disassembled 

SOFC of other type of prior art. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENT 

40 

A preferred embodiment of this invention is 
described below with reference to the drawings. 

In Fig. 1, the reference numeral 21 denotes a 
power generation film which consists of a solid 

45 oxide electrolyte film 22 provided with dimple con- 
vex zone 22a and dimple concave zone 22b on 
both sides thereof, a fuel electrode 23 and an 
oxygen electrode 24 formed on both sides of the 
solid oxide electrode film 23, respectively. The 

so dimple convex zone 22a and the dimple concave 
zone 22b have almost similar shape. At the periph- 
ery of the power generation films 21, there are 
located seal sections 26 which form the seal faces 
26a to seal between the interconnectors 25a, 25b, 

55 and 25c. The seal face 26a at the seal section 26 
is smoothly shaped to keep almost same plane 
with the apex of the dimple convex zone 22a. The 
seal face 26a is made of a material having nearly 

3 
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equal thermal expansion coefficient with the solid 
oxide electrolyte film 22. 

The SOFC having the above-described struc- 
ture is manufactured by the following procedure. 

First, the solid oxide electrolyte film 22 is pre- 
pared. The fine particles of YSZ, a binder such as 
PVB, a plasticizer, a dispersant, and a solvent such 
as ethanol are blended together. The mixture is 
dried to form a flat green sheet using a doctor 
blade unit. The green sheet is molded in a die to 
give a specified dimple pattern, which is then sub- 
jected to a temporary calcination at approximately 
1250 *C. 

Next, the fuel electrode 23 is formed on one 
side of the prepared solid oxide electrolyte film 22. 
The material of the fuel electrode 23 is usually a Ni 
mixed with YSZ at a rate of 30% to 60% to the 
total quantity. The mixture is slurried and applied 
onto the one side of the solid oxide electrolyte film 
22 at an approximate thickness of 50um (after 
fired). After drying the applied mixture, it is fired. 
Since the firing temperature is 1400*C, the firing is 
preferably conducted after the complete firing of 
the solid oxide electrolyte film 22. Further, the 
oxygen electrode is formed on the other side of the 
solid oxide electrolyte film 22. The material of 
oxygen electrode 24 is LSM mixed with YSM at a 
rate of 20% to the total quantity. In a similar 
manner with that of fuel electrode 23 preparation, 
the mixture of LSM and YSM is slurried and ap- 
plied onto the other side of the solid oxide elec- 
trolyte film 22 at an approximate thickness of 50um 
(after fired).* After drying the applied mixture, it is 
fired. Since the firing temperature is 1300*C, the 
firing may be conducted simultaneously with the 
heating of an adhesive or a dispersant on the seal 
face 26a described later. 

Next is the formation of seal section at the 
periphery of power generation film 21 prepared by 
the above-described procedure. The seal section is 
prepared using a mixture similar with that used to 
form the solid oxide electrolyte film 22. 

The seal section 26 has gaps at the points 
corresponding to the hydrogen inlet 27, the hy- 
drogen outlet 28, the air inlet 29, and the air outlet 
30. Since the passages of hydrogen and of air are 
formed crossing each other, the mixture is applied 
on both sides of the power generation film 21 at a 
dotted region in Fig. 2. Accordingly, each zone of 
hydrogen inlet 27, hydrogen outlet 28, air inlet 29, 
and air outlet 30 is formed by applying the mixture 
on only one side of the power generation film 21 
and by securing smoothness using a pad plate for 
weight. After drying, the seal section is formed by 
firing at a temperature ranging from 1400 to 
1500 -C. 

Thus obtained state is shown in Fig. 1. 



Then the seal face 26a is applied with an 
adhesive (glass group) or a dispersant (YSZ plus 
LSC used in interconnector), further applied with an 
adhesive for electrode at the dimple convex zone 

5 22a and dimple concave zone 22b, which are then 
heated and pressurized at 1200 to 1300*C to ad- 
here or dispersedly joint integratedly the power 
generation film 21 and the seal section 26 with the 
interconnectors 26a, 26b, and 26c. 

10 As shown in Fig. 1 and Fig. 2, the SOFC of this 

embodiment has the structure having the power 
generation film 21 which consists of the solid oxide 
electrolyte film 22 provided with the dimple convex 
zone 22a and the dimple concave zone 22b for 

75 almost whole surface area on both sides thereof, 
the fuel electrode 23 and the oxygen electrode 21 
formed on each side of the solid oxide electrolyte 
film 22, respectively, and consists of the intercon- 
nectors 25a through 25c located on both sides of 

20 the power generation film 21, and of the seal 
section 26 which is formed at the region to form 
the seal face at the periphery of power generation 
film 21 and between the interconnectors 25a 
through 25c and which is made from a material 

25 having almost equal thermal expansion coefficient 
with that of the solid oxide electrolyte film 22. 

As a result, this invention provides the following 
effects. 

The SOFC of this invention assures a highly 
30 accurate seal face, enables tight adhesion between 
the interconnectors 25a through 25c and the solid 
oxide electrolyte film 22, and improves the accu- 
racy of adhesion between the electrode of the 
power generation film 21 and the interconnectors 
35 25a through 25c, which provides a cell with high 
reliability. 

As for the method to apply a solid oxide elec- 
trolyte film 22 with dimple pattern, the embodiment 
described above which applies the dimple pattern 

40 on almost the whole surface area significantly sim- 
plifies the manufacture of the solid oxide electrolyte 
film 22 compared with the conventional method 
which leaves a flat area to secure the seal face. 
The production yield of conventional method is 

45 only 30 to 50%, and the method described in the 
embodiment gives nearly 100%. Furthermore, 
since there is no need for mounting special compo- 
nent at the inlet and outlet of gases, the reliability 
of manufacturing process is improved and the 

50 number of processing manhours is reduced. 

Since the pitch between dimples is relatively 
small at around 3mm and since a single solid oxide 
electrolyte film face contains lots of dimples, the 
height of each apex of dimple convex zone does 

55 not match each other in some cases. Consequent- 
ly, if the packing is made of a rigid material for 
sandwiching a solid oxide electrolyte (power gen- 
eration film) between interconnectors to joint them 
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together, then, there arises a problem in electric 
connection between the electrode and the intercon- 
nector. On the contrary, if the packing is made of a 
soft material, the packing itself allows gas to per- 
meate. As a result, prior art accompanies various 
difficulties on sealing ability. 

On the other hand, according to the embodi- 
ment described above, a solid oxide electrolyte film 
is firstly calcined, then a slurried material which 
has the same thermal expansion coefficient with 
that of the solid oxide electrolyte film, an YSZ or an 
LSC of the same material with the interconnector or 
their mixture in this case, is applied onto the speci- 
fied seal face, and a pad plate is placed on the 
applied mixture layer to heat to completely fire. 
Thus a solid oxide electrolyte film provided with a 
seal face of uniform height over the whole surface 
area thereof is obtained. 

Claims 

1. A solid oxide electrolyte fuel cell characterized 
by comprising a power generation film consist- 
ing of a solid oxide electrolyte film provided 
with dimple pattern on both sides thereof, an 
oxygen electrode formed on one side of the 
solid oxide electrolyte film, and a fuel elec- 
trode formed on the other side of the solid 
oxide electrolyte film, and comprising a pair of 
interconnectors provided on both sides of the 
power generation film, wherein the power gen- 
eration film 21 consists of a solid oxide elec- 
trolyte film 22 formed on almost the whole 
surface area on both sides thereof, and an 
oxygen electrode 24 and a fuel electrode 23 
each of which is formed to match a shape of 
the solid oxide electrolyte film 22 on one side 
and on the other side thereof, respectively, and 
wherein there is provided a seal section 26 
which Is formed at a periphery of the power 
generation film 21 and at an area to form the 
seal section 26a between the interconnectors 
25a, 25b, and 25c, and which is formed to 
have an almost the same plane with that of the 
dimples 22a, 22b, and which is made of a 
material having almost the same thermal ex- 
pansion coefficient with the solid oxide elec- 
trolyte film 22. 

2. A solid oxide electrolyte fuel cell as claimed in 
claim 1 , characterized in that the seal section 
26 is made of a material same as that of the 
solid oxide electrolyte film 22. 

3. A solid oxide electrolyte fuel cell as claimed in 
claim 1 , characterized in that the seal section 
26 is made of a material same as that of the 
interconnectors 25a, 25b, and 25c. 



2 185A2 8 

4. A solid oxide electrolyte fuel cell as claimed in 
claim 1, characterized in that the seal face 26 
is applied with an adhesive or a dispersant, 
and the convex zone 22a and the concave 
5 zone 22b of the dimple are applied with an 

adhesive for electrode to integrate the power 
generation film 21 , the seal section 26, and the 
interconnectors 25a, 25b, 25c, together. 

10 



15 



20 



25 



30 



35 



40 



45 



50 



BNSDOCID: <EP 06421 85A2_I_> 



EP 0 642 185 A2 




6 

BNSDOCID: <EP 06421 B5A2J_> 



EP 0 642 185 A2 

6 




BNSDOCID: <EP 06421B5A2J_> 



7 



EP 0 642 185 A2 



Fig. 3 




BNSDOCID: <EP 06421 85A2_L> 



8 



f 



EP 0 642 185 A2 




BNSOOCID: <EP 06421 65A2_I_> 



9 




BNSDOC1D: <EP 06421 85A2_I_> 



10 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(£) Publication number: 



0 642 1 85 A3 



EUROPEAN PATENT APPLICATION 



© Application number: 94113249.0 


© mt Ci. 6 : H01M 8/24, H01M 8/02 


@ Date of filing: 24.08.94 




@ Priority: 01.09.93 JP 217613/93 


Machinery Works 




Mitsubishi Jukogyo K. K. 


© Date of publication of application: 


1-1, Wadasaki-cho 1-chome 


08.03.95 Bulletin 95/10 


Hyogo-ku, 




Kobe-shi, 


® Designated Contracting States: 


Hyogo-ken (JP) 


DE NL 


Inventor: Watanabe, Kiyoshi, Kobe Shipyard & 




Machinery Works 


@ Date of deferred publication of the search report: 


Mitsubishi Jukogyo K. K. 


29.03.95 Bulletin 95/13 


1-1, Wadasaki-cho 1-chome 




Hyogo-ku, 




Kobe-shi, 


© Applicant: MITSUBISHI JUKOGYO KABUSHIKI 


Hyogo-ken (JP) 


KAISHA 


Inventor: Yamamuro, Shigeaki Kobe Shipyard 


5-1, Marunouchi 2-chome 


& Machinery Works 


Chiyoda-ku 


Mitsubishi Jukogyo K. K. 


Tokyo (JP) 


1-1, Wadasaki-cho 1-chome 


© Inventor: Satake, Tokuki Kobe Shipyard & 


Hyogo-ku, 


Kobe-shi, 


. Machinery Works 


Hyogo-ken (JP) 


Mitsubishi Jukogyo K. K. 




1-1, Wadasaki-cho 1-chome 




Hyogo-ku, 


© Representative: Henkel, Feiler, Hanzel & 


Kobe-shi, 


Partner 


Hyogo-ken (JP) 


Mohlstrasse 37 


Inventor: Nanjo, Fusayuki, Kobe Shipyard & 


D-81675 Munchen (DE) 


@ Solid oxide electrolyte fuel cell. 



CO 

< 

LO 
00 

CM 
CD 



LU 



® A solid oxide electrolyte fuel cell comprises a 
power generation film consisting of a solid oxide 
electrolyte film (22) dimpled (22a,22b) on almost 
whole area on both sides thereof, an oxygen elec- 
trode (24) formed on one side thereof, and a fuel 
electrode (23) formed on the other side of thereof, 
and comprises a pair of interconnectors 
(25a,25b,25c) located on both sides of the power 
generation film. Furthermore, this invention adopts a 
seal structure (26) (26a) for sealing each side of the 
power generation film and each of the corresponding 
interconnector to achieve the above-described ob- 
ject. The peripheral area on the power generation 
film to form a seal face with the interconnector is 
formed to have an almost the same plane with that 
of the dimpled pattern formed on the power genera- 



tion film, and the provided seal section has almost 
the same thermal expansion coefficient with the solid 
oxide electrolyte film which forms the power genera- 
tion film. 
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